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Abstract. Trichinellosis is a zoonotic parasitic disease with a worldwide distribution. The aim of this work was to
describe the epidemiological and clinical data of five outbreaks of trichinellosis, which affected ethnic minorities living
in remote mountainous areas of northwestern Vietnam from 1970 to 2012. Trichinellosis was diagnosed in 126 patients,
of which 11 (8.7%) were hospitalized and 8 (6.3%) died. All infected people had consumed raw pork from backyard and
roaming pigs or wild boar at wedding, funeral, or New Year parties. The short incubation period (average of 9.5 days),
the severity of the symptoms, which were characterized by diarrhea, abdominal pain, fever, myalgia, edema, weight loss,
itch, and lisping, and the high mortality, suggest that patients had ingested a high number of larvae. The larval burden
in pigs examined in one of the outbreaks ranged from 70 to 879 larvae/g. These larvae and those collected from a muscle
biopsy taken from a patient from the 2012 outbreak were identified as Trichinella spiralis. Data presented in this work
show that the northern regions of Vietnam are endemic areas for Trichinella infections in domestic pigs and humans.
INTRODUCTION
Trichinellosis is a human disease caused by zoonotic nema-
todes of the genus Trichinella, which show a cosmopolitan dis-
tribution.1 This infection has been documented in 55 (27.8%)
countries around the world.2 From 1986 to 2009, there were
65,818 cases and 42 deaths reported from 41 countries; 87% of
these cases were documented in the European World Health
Organization (WHO) region.3
In Asia, Trichinella spp. infection has been documented
in humans in 18 countries, domestic animals (mainly pigs) in
9 countries, and wildlife in 14 countries.2
These zoonotic parasites have been detected in most south-
east Asian countries (Lao People’s Democratic Republic,
Malaysia, Thailand, and Vietnam), but the recorded data are
fragmentary.2,4–9
In Vietnam, Trichinella sp. was detected for the first time
in 1923 in two (0.04%) of 4,952 pigs tested in Hanoi.10 Then,
Trichinella sp. was detected in a pig at the slaughterhouse in
Saigon in 1929 and two pigs at the slaughterhouse in Hanoi
in 1952.11 More recently, T. spiralis larvae were detected in
11 free-roaming pigs of the Chim Van and Lang Cheu munic-
ipalities of the Bac Yen district (Son La Province) where an
outbreak of trichinellosis occurred.8 Trichinellosis was diag-
nosed among six soldiers in Saigon, two of whom died, in
1953; the source of infection was a wild pig.11,12
The aim of this work was to review the epidemiological and
clinical aspects of trichinellosis in Vietnam from 1970 to 2012.
MATERIALS ANDMETHODS
After the alert of the healthcare centers of the villages where
people became sick, the public health services of Vietnam col-
lected clinical and epidemiological data, drew blood (only in
the course of the 2004, 2008, and 2012 outbreaks), made the
diagnosis, and treated the infected people.13–18 In addition,
clinical and laboratory investigations were carried out of per-
sons from two villages where trichinellosis outbreaks had been
documented in 2004 and 2008 and persons without a confirmed
diagnosis hospitalized in two provincial hospitals from 2010
to 2012.19
A commercial enzyme-linked immunosorbent assay (ELISA)
kit (NovaTec; Immunodiagnostica GmbH, Dietzenbach,
Germany) or an in-house ELISA was used to detect anti-
Trichinella immunoglobulin G (IgG) in the serum samples of
people in the course of the 2008–2012 outbreaks. An in-house
ELISA followed by a confirmatory Western blot according
to the work by Go´mez-Morales and others20 were used in
the course of the study carried out during the 2012 outbreak
and the clinical–epidemiological investigation carried out from
2010 to 2012.18,19 Laboratory data were available for five
people hospitalized in the course of the 2008 outbreak and
six people hospitalized in the course of the 2012 outbreak.
Trichinella sp. larvae collected from pigs of the Lang Cheu
village, where an outbreak of trichinellosis occurred in 2008,8
and a muscle biopsy collected from an infected person in the
course of the 2012 outbreak,17 were identified by a multiplex
polymerase chain reaction (PCR) according to published pro-
tocols.17,21 Detailed information on Trichinella isolates from
pigs is available on the International Trichinella Reference
Center website.22
RESULTS
From 1970 to 2012, five outbreaks of trichinellosis have been
documented in four mountainous provinces of north Vietnam
(Figure 1). Most of the infected people belonged to the ethnic
minorities Thai, Tay, and H’mong; however, people of the
main Vietnamese ethnic group, Kinh, also acquired the infec-
tion. In the course of the first three outbreaks, which occurred
in 1970, 2001, and 2004, the diagnosis of trichinellosis was
based on the clinical signs and symptoms of the disease and
the isolation of Trichinella sp. larvae from pork, which was the
source of infection. In the course of the last two outbreaks
(2008 and 2012), the diagnosis of trichinellosis was based on
the clinical signs and symptoms, serology, and detection of
larvae in muscle biopsies of index patients.
The main epidemiological and clinical data are shown in
Tables 1–4. Trichinellosis was confirmed in 126 persons, of
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which 11 (8.7%) persons were hospitalized and 8 (6.3%) per-
sons died. None of the patients who died had been treated
with albendazole or another anti-Trichinella benzimidazole.
The average incubation period was 9.5 days (range = 4–17 days)
(Table 1). Most of the infected patients were adults of the
41- to 50-year-old age group (35.1%). Only one 6-year-old
child acquired the infection in the 2012 outbreak. Males were
more infected (84.2%) than females (15.8%) (Table 2). Raw
pork from domestic pigs was the source of infection in four
outbreaks, whereas both raw and fermented pork (lap and
nem chua dishes, respectively) from a wild boar was the source
of infection in the 2012 outbreak. All infected people had
consumed the infected raw pork at wedding, funeral, or New
Year parties (Table 1).
In the five outbreaks, the intestinal phase of the disease,
characterized by abdominal pain and/or diarrhea, was symp-
tomatic in about 50% of the patients (Table 3). In the paren-
teral phase (i.e., when newborn larvae invade the human body
and penetrate in the striated muscle cell), all patients were
symptomatic with fever and muscular pain. Periocular and/or
facial edema occurred in 87.3% of patients. Difficulty in mov-
ing, swallowing, and breathing, which is caused by myalgia, was
observed in 61.9–88.9% of patients. Other signs were weight
loss (76.2%), lisping (60.3%), and itch (58.7%) (Table 3). Data
on eosinophilia and increased lymphocyte count for 11 patients
hospitalized in the course of the last two outbreaks are shown
in Table 4. A moderate to high eosinophilia was detected in
25 (83.3%) outpatients in the course of the 2012 outbreak.
In 1970, 22 persons were treated with diethylcarbamazine
(6 mg/kg daily for 12 days), because benzimidazoles were not
available in Yen Bai Province at that time. Four patients died
without any treatment because of the delayed diagnosis. In
the course of the 2001 and 2004 outbreaks, 40 people with
clinical signs and/or symptoms of the disease were treated
with albendazole (400 mg/day for 7 days). Only two patients
did not received the specific treatment, because they died
before diagnosis was made in the 2001 outbreak. No symp-
tomatic treatment was used in the course of the 2001 and 2004
outbreaks. In 2008, five hospitalized patients were success-
fully treated with albendazole (400 mg daily for 14 days) and
methylprednisolone (80 mg daily for 5 days). Fifteen out-
patients received the antihelminthic treatment only. The two
patients who died did not receive any antihelminthic treat-
ment before their death because of delayed diagnosis. Six
hospitalized patients of the 2012 outbreak were treated with
albendazole (800 mg daily for 10 days) and they recovered
within 1 month. Thirty outpatients of the 2012 outbreak were
successfully treated with albendazole (15 mg/kg body weight
daily for 14 days).
Encapsulated Trichinella sp. larvae were observed in histolog-
ical sections of muscle biopsies collected from five hospitalized
Figure 1. Map of Vietnam showing the villages and hospitals
where Trichinella infections have been documented in humans since
1970. (1) Che Tao village, Mu Cang Chai district, Yen Bai Province,
outbreak of 1970. (2) Quai To village, Tuan Giao district, Dien Bien
Province, outbreaks of 2001 and 2004 and 2010–2012 survey on peo-
ple living in the Quai To village and people hospitalized in the Dien
Bien Hospital. (3) Lang Cheu village, Bac Yen district, Son La Prov-
ince, outbreak of 2008 and 2010–2012 survey on people living in the
Lang Cheu village and people hospitalized in the Son La Hospital.
(4) Muong Lat village, Muong Lat district, Thanh Hoa Province,
outbreak of 2012. Ha =Hanoi capital where Trichinella sp. was detected
in two pigs in 192310; Ho = Ho Chi Minh city (formerly Saigon) where a
trichinellosis outbreak from the consumption of pork from a wild boar
was documented in 1953.11,12
Table 1
Summary of trichinellosis outbreaks that occurred in Vietnam between 1970 and 2012




(average), days Number of deaths (%) Source of infection (dish) Event Reference
Che Tao, Mu Cang Chai, Yen Bai 1970 26 7–14 (10) 4 (15.4) Raw pork Wedding 11
Quai To, Tuan Giao, Dien Bien* 2001 22 6–14 (12) 2 (9.0) Raw pork (lap) Wedding 12
Quai To, Tuan Giao, Dien Bien 2004 20 4–15 (8) 0 Raw pork Funeral 13
Lang Cheu, Bac Yen, Son La 2008 22† 5–16 (9) 2 (9.0) Raw pork Wedding 14
Muong Lat, Muong Lat, Thanh Hoa 2012 36 4–17 (9) 0 Wild boar (lap, nem chua) New Year Tet 15,16
*Former Lai Chaˆu Province.
†An additional 20 people became sick, but no information is available on their clinical patterns.14
Table 2
Age and gender of 114 symptomatic people who acquired trichinellosis
in the course of five outbreaks in Vietnam from 1970 to 2012
Age group (years)
Number of patients (%)
Male Female Total
5–9 1 (1) 0 1 (0.9)
10–19 1 (1) 0 1 (0.9)
20–30 15 (15.6) 2 (11.1) 17 (14.9)
31–40 27 (28.1) 5 (27.7) 32 (28.0)
41–50 32 (33.3) 8 (44.4) 40 (35.0)
51–60 13 (13.5) 2 (11.1) 15 (13.1)
> 60 7 (7.3) 1 (5.5) 8 (7.0)
Total 96 (84.2) 18 (15.8) 114 (100)
No information is available for the age and gender of 12 other people who acquired
trichinellosis in the course of the 2012 outbreak.
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patients in the course of the 2008 outbreak. After this out-
break, Trichinella sp. larvae were isolated from 11 pigs reared
in the Bac Yen district. All of the larvae isolated from pigs
were identified as T. spiralis (isolate codes ISS2336, ISS2339,
ISS2340, ISS2349, ISS2351, ISS2353, ISS2354, ISS2361, and
ISS2362). Trichinella sp. larvae were detected by histology in
muscle biopsies of six patients hospitalized in the course of the
fifth outbreak, which occurred in the Muong Lat town. Then,
larvae were isolated frommuscle biopsies by artificial digestion
and identified as T. spiralis.
The clinical epidemiological surveys carried out from 2010
to 2012 revealed statistically significant associations of
myalgia and facial edema with a Trichinella-positive serology
(by both ELISA and Western blot) in persons from villages,
whereas a statistically significant association of myalgia with a
Trichinella-positive serology (by both ELISA and Western
blot) was observed in persons sampled in hospitals.
DISCUSSION
Northwest Vietnam is located between northern Lao Peo-
ple’s Democratic Republic and southeastern China (Yunnan
Province), which are two areas with a high prevalence of
T. spiralis infection in domestic pigs.4,23,24 In the course of
the last 50 years, there was an active animal black market
between the borders of these countries, which favored the
spread of Trichinella-infected pigs in the area. In Vietnam,
excluding the outbreak of trichinellosis in the Saigon area
caused by the consumption of pork from a wild boar,11,12
Trichinella infections were documented only in domestic pigs
and humans of the north Vietnamese provinces.8,10,16,19
All of the five outbreaks described in this work occurred in
mountainous districts where the hygienic conditions and
breeding practices are very poor. Backyard and roaming pigs
eat Trichinella-infected pork scraps scattered in the environ-
ment after slaughtering as well as carcasses of dogs and cats,
and they prey on rodents or other animals, because quite
frequently, the pig diet is poor in protein.
Wedding, funeral, and New Year parties were the social
events that favored the occurrence of trichinellosis outbreaks.
A consistent number of people was involved each time. The
high number of patients alerted the local healthcare centers of
the villages where people became sick, allowing the public
health services of Vietnam to collect clinical and epidemio-
logical data. At the beginning of the outbreaks, most of
trichinellosis cases were misdiagnosed as leptospirosis, because
this bacterial disease is quite common in Vietnam, and it shows
clinical symptoms similar to those of trichinellosis.25,26 This was
one of the reasons why eight people died in three outbreaks.
Indeed, physicians first suspected leptospirosis, and many
people suffering from trichinellosis were inappropriately
treated with antibiotics.
In the course of the first outbreak, which occurred in 1970,
22 persons were treated with diethylcarbamazine and recov-
ered from trichinellosis, whereas 4 untreated persons died. It is
difficult to state if the 22 treated persons recovered because of
the efficacy of the antihelminthic drug or the fact that they did
not ingest a very high number of larvae. In fact, contrasting
results exist in the literature on the efficacy of diethylcarbama-
zine in experimental animals and humans with trichinellosis.27
Albendazole was used to treat the patients of the 2001–2012
outbreaks, and four patients who did not receive any treat-
ment died. The efficacy of albendazole against Trichinella
adults worms in the gut, migrating newborn larvae, and larvae
in striated muscles has been clearly shown in either experi-
mental animals or humans.28 However, the efficacy of the
benzimidazoles against larvae in the muscles reduces with the
increasing time between infection and treatment because
of the development of the collagen capsule around the larva.29
Table 3
Main clinical signs and symptoms of people in the course of five outbreaks, which occurred in Vietnam from 1970 to 2012
Outbreak
Number of patients (%)
1970 2001 2004 2008 2012 Total
Number of symptomatic patients 26 22 20 22 36 126
Intestinal phase
Abdominal pain 13 (50.0) 11 (55.0) 10 (50.0) 14 (63.6) 11 (30.5) 59 (46.8)
Diarrhea 11 (42.3) 15 (75.0) 8 (40.0) 10 (45.5) 12 (33.3) 56 (44.4)
Parenteral phase
Fever 26 (100) 22 (100) 20 (100) 22 (100) 33 (91.6) 123 (97.6)
Muscular pain 26 (100) 22 (100) 20 (100) 22 (100) 32 (88.9) 122 (96.8)
Edema 26 (100) 20 (90.9) 19 (95) 18 (81.8) 25 (69.4) 110 (87.3)
Difficulty
Movement 26 (100) 20 (90.9) 20 (100) 22 (100) 24 (66.7) 112 (88.9)
Swallowing 3 (11.5) 20 (90.9) 18 (90.0) 19 (86.4) 23 (63.9) 83 (65.8)
Breathing 18 (69.2) 11 (55.0) 16 (80.0) 13 (59.1) 20 (55.5) 78 (61.9)
Weight loss 20 (76.9) 20 (90.9) 18 (90.0) 18 (81.8) 20 (55.5) 96 (76.2)
Itch 20 (76.9) 19 (95.0) 17 (85.0) 17 (77.2) 18 (50.0) 74 (58.7)
Lisping 26 (100) 12 (60.0) 7 (35.0) 17 (77.2) 14 (38.9) 76 (60.3)
Table 4
Main laboratory parameters of hospitalized people at admission to
the hospital in the course of the outbreaks that occurred in
Vietnam in 2008 and 201216,17
Parameter
Patient
1 2 3 4 5 6
2008 outbreak
Lymphocyte (%) 25.7 14.8 15.6 11.6 3.7
Eosinophils (%) 17.2 3.9 5.7 6.5 2.2
Muscle biopsy + + + + +
ELISA + + + + +
2012 outbreak
Lymphocyte (%) 17.0 13.6 12.4 12.4 11.1 10.2
Eosinophils (%) 51.8 18.6 5.1 15.9 28.4 18.5
Muscle biopsy + + + + + +
ELISA + + + + + +
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It follows that, in delayed diagnosis, the amount of drug
should be increased as well as the length of treatment.
In three of five outbreaks, the local healthcare centers
contacted the national health services, which properly diag-
nosed the disease as trichinellosis but only after the death of
some patients. However, we cannot exclude that the reports
of these five outbreaks are only the tip of the iceberg and that
outbreaks occur with a higher frequency among minorities
living in the northwestern mountainous areas of Vietnam. It
is likely that outbreaks characterized by a few patients and/or
mild signs and symptoms are not correctly diagnosed, and
consequently, the public health services are not informed.
This hypothesis is confirmed by the clinical–epidemiological
surveys carried out in Dien Bien and Son La Provinces, which
consistently show the occurrence of undiagnosed cases of
trichinellosis in people living in villages and hospitalized per-
sons without a confirmed diagnosis.19
We have to keep in mind that the public health services of
Vietnam were alerted and started the investigation several
weeks after the infection; consequently, a number of infected
persons with mild or moderate infections could have been
ignored by the investigators.18 This could represent a bias
when the clinical and epidemiological data of these five out-
breaks are compared with the literature data.30,31
In a review investigation on 5,377 cases of trichinellosis,
which occurred worldwide from 1986 to 2009, diarrhea was
documented in 27% of patients, fever was documented in
53% of patients, myalgia was documented in 67.0% of
patients, and edema was documented in 55.0% of patients.3
The short incubation period (average = 9.5 days) and the
severity of the clinical picture of 126 symptomatic Vietnamese
patients suggest that they ingested a high number of larvae.
The severity of the disease is also stressed by the high number
of deaths (8; 6.3%) observed in the five outbreaks compared
with the average number of deaths at the world level, which
was 1.0%.3
In the five outbreaks described in this work, the enteral
phase of the disease has been documented in about 45% of
the patients, all of which had a moderate to severe infection.
Furthermore, we cannot exclude that abdominal pain and
diarrhea could have had another etiology because of the poor
living conditions of infected persons. This is in agreement
with most of literature data and stresses how the clinical signs
and symptoms developed by patients in the course of the
enteral phase of trichinellosis are not of any diagnostic sup-
port. Only fever, myalgia, and/or edema, which generally
appear suddenly, can address the physician to suspect
trichinellosis.32
In Thailand, most infected patients were in the 35- to
44-year-old age group, and the disease occurred more frequently
in men than women during 1962–2003, with no significant sex
difference during 2004–2006.7 In Lao People’s Democratic
Republic, most of the patients were in the range of 28–
33 years of age, and only 17 (12.3%) patient were in the pedi-
atric age.4 At the world level, trichinellosis affected primarily
adults (median age = 33.1 years) and about equally affected
men (51%) and women.3
The identification of Trichinella larvae isolated from
human biopsies and pigs from the 2012 outbreak as T. spiralis
is in agreement with literature data that show that this species
is the most widespread species infecting domestic pigs in
southeast Asia, China, and most of the other world
regions.4,8,24,33–35 The identification of the etiological agent
as T. spiralis is also in agreement with the severity of the
clinical picture, which resulted in the death of eight patients
in the course of three of five outbreaks.
In southeast Asia, Vietnam is the most eastern country of
the Indochina Peninsula, and with its 90 million inhabitants
(census of 2012), it ranks as the world’s 13th most populous
country. More than 70% of the population live in rural areas
and depend on agriculture. Ethnic minorities living in north-
ern Vietnam have a lower income (estimated US$50 per per-
son per month) than ethnic minorities in other Vietnamese
regions. Their income is mainly from crops and livestock.36
They often consume raw meat and are unaware of the risks as
well as basic precautions to prevent Trichinella infection,
because more than 60% of this population is illiterate.37 Fur-
thermore, in northern Vietnam, where most outbreaks of
human trichinellosis occurred, up to 80% of pigs are raised in
traditional smallholder production conditions characterized
by free roaming and feeding on raw foodstuffs.38 In these
provinces, no veterinary service exists.
In terms of control on the short term, educational actions
should be targeted at the local population by public health
workers and veterinary/agricultural extension workers. Public
health actions should aim at informing the people of the risks
of acquiring trichinellosis and other meat-borne diseases
through consumption of dishes prepared with raw and under-
cooked meat from locally produced pigs, dogs, and wildlife and
showing appropriate and locally adapted methods for inac-
tivating Trichinella sp. larvae and other pathogens in meat.
Cooking and freezing are the primary methods for achieving
larval inactivation,39 but in the case of the absence of electricity,
which is common in remote villages in Vietnam, other methods
for processing the meat, such as fermentation, drying, or salting,
could be recommended if these are properly applied.40 Public
health workers should also inform the people of the clinical
presentation of trichinellosis so that they will seek medical help
when clinical signs and symptoms appear that are compatible
with trichinellosis. Veterinary/agricultural extension workers
should assist the local farmers in improving the livestock hus-
bandry conditions to reduce Trichinella sp. infection. These
improvements include construction of pigpens using local mate-
rials, avoidance of free roaming of pigs, feeding animals with
locally produced feed, cooking kitchen leftovers before feeding
these to the animals, and controlling the rodent populations
in and around the farms. Village and community heads can play
a role in implementing and monitoring these measures.
On the longer term, farmers should be encouraged to adopt
adequate breeding practices. Slaughterhouses should be con-
structed in the northern provinces of Vietnam, where meat
inspection should be implemented based on legislation on
food safety. If the artificial digestion method is difficult to
implement because of limited resources, trichinoscopy is still
a useful method to prevent outbreaks where encapsulated
species, such as T. spiralis, are circulating.33
In conclusion, trichinellosis occurs where there is the
comixture of consumption of dishes based on raw or under-
cooked meat, poverty, ignorance, lack of veterinary controls
and consumer education, and black markets. Public health
services should be aware of the circulation of these zoonotic
parasites in northwest Vietnam and the clinical signs and
symptoms of the disease, which are not pathognomonic and
need laboratory support for the diagnosis confirmation.
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